This paper examines the links between internationalisation, innovation and productivity in service enterprises. For this purpose, we use micro data from the Community Innovation Survey 2008 in Germany, Ireland and the United Kingdom, and estimate an augmented structural model. Our empirical evidence highlights the importance of internationalisation in the context of innovation outputs in all three countries. Our results indicate that innovation in service enterprises is linked to higher productivity. In all three countries analysed, among the innovation types that we consider, the strongest link between innovation and productivity was found with marketing innovations.
INTRODUCTION
The theoretical literature on international trade and firm heterogeneity (the New-New Trade Theory) has established that firms with international activities are more productive than those serving only the domestic markets. While in the early theoretical models firm productivity is treated as exogenous (Melitz 2003; Helpman, Melitz, and Yeaple 2004) , more recent contributions allow for the possibility of productivity increases through innovation activities (Yeaple 2005; Lileeva and Trefler 2010; Bustos 2011) . A small but growing literature strand models the complementarities between investing in innovation and export participation (Aw, Roberts and Winston 2007; Baldwin and Robert-Nicoud 2008; Van Long, Raff, and Stähler 2011; Aw, Roberts, and Xu 2011) and finds that export participation is more likely when firms innovate and innovation is more likely when firms anticipate export opportunities. A positive correlation between exporting and innovation activity has been found in several studies (Wagner 1996; Love and Roper 2002; Liu and Buck 2007; Bratti and Felice, 2012; Siedschlag and Zhang 2015) . Furthermore, additional recent empirical evidence indicates that foreignowned enterprises as well as exporters are more likely to innovate (Criscuolo et al. 2010; Siedschlag and Zhang 2015) . However, empirical evidence on the links between internationalisation, innovation and productivity is scarce.
In the context of intensified global competition, innovation is of crucial importance for growth and competitiveness. Services account for a growing share of economic activity, and innovation in services is widely seen as a new source of economic growth. Furthermore, technological advances, particularly in information and communication technologies (ICT), have enabled a greater tradability of services and thus greater exposure to competition. In this context, innovation in services is increasingly important for a firm's survival and also a pathway for sustainable economic growth.
Despite this growing importance of services in modern economies, existing empirical evidence on the links between internationalisation, innovation and productivity in services is still limited.
Previous analyses of innovation in services have highlighted a number of specific characteristics of services, such as their intangibility, simultaneity of production and consumption, and perishability (Johne and Storey 1998; Hipp and Grupp 2005; Miles 2005; Savona 2009, 2010; Savona and Steinmueller 2013) . Following on from these specific characteristics, relative to manufacturing, it has been pointed out that innovation in services is predominantly non-technological, less related to R&D, and it is closer to consumer demand (Licht and Moch 1999; Tether 2005; Tether and Tajar 2008) . Notwithstanding these specificities, the boundaries between manufacturing and services are less clear as they are becoming increasingly integrated (Howells 2001) . A growing number of researchers argue that innovation in manufacturing and innovation in services are not clearly distinct (Evangelista 2000; Hollenstein 2003; Cainelli et al. 2006) . However, it has also been suggested that analysing innovation in services using a similar approach to the one applied for manufacturing may not adequately capture all the forms of innovation in services (Gallouj and Weinstein 1997; Sundbo 1997; Tether and Tajar 2008) . A more recent approach has emerged that combines the insights gained from analysing both innovation in manufacturing -mainly of a technological type -and innovation in services -mainly non-technological innovation (Drejer 2004; Hipp and Grupp 2005; De Vries 2006; Siedschlag et al. 2011; Leiponen 2012) .
While the links between innovation and productivity in manufacturing enterprises have been analysed for a large number of countries, 1 only a few studies have examined innovation and productivity in service enterprises (Lööf and Heshmati 2006 -for Sweden; Mairesse and Robin 2009 -for France; Polder et al. 2010 -for the Netherlands; Siedschlag, Zhang and Cahill 2010; and Siedschlag et al. 2011 -for Ireland; Masso and Vahter 2012 -for Estonia; Crespi et al. 2014 for Chile, Colombia and Uruguay). The evidence provided by these studies on innovation and productivity in service enterprises is country and model-specific. Furthermore, comparisons with innovation and productivity in manufacturing enterprises are only limited.
To fill the evidence gap mentioned above, this paper examines the links between internationalisation, innovation inputs, innovation outputs and productivity in service enterprises. More specifically, we ask the following research questions: (i) What types of service enterprises are more likely to invest in innovation? (ii) What types of service enterprises have higher innovation investment per employee? (iii) Does higher investment in innovation lead to higher innovation output in service firms and is this effect the same for different types of innovation? (iv) Is higher innovation output linked to higher productivity in service enterprises? To what extent do productivity effects differ by type of innovation? (v) Are there any cross-country differences in the relationships between internationalisation, innovation input, innovation output and productivity for service firms? For this purpose, we use micro data from the Community Innovation Survey 2 (CIS) 2008 covering Germany, Ireland and the United Kingdom (UK). By using micro-data for different sectors across different countries, our analysis account for heterogeneity at the firm-, sector and country-level.
The novelty of our contribution consists in improving, on the basis of theoretical foundations, previous conceptual frameworks and empirical methodologies in several ways. First, we account in the empirical analysis for the role of internationalisation of services activities on the links between innovation inputs, innovation outputs and productivity. Second, while most of previous analyses of the link between innovation and productivity have focused on technological innovations (i.e., product and process innovations), we consider in addition nontechnological innovations, namely, organisational and marketing innovations. In particular, the link between marketing innovation and productivity has been seldom analysed.
3 Marketing innovations may increase productivity via increased demand for goods and services. This outcome could come about through significant changes in product design or packaging, product placement, promoting or pricing. These improvements help to better address customer needs, to open new markets or to re-position products on existing markets. Furthermore, in contrast to most previous studies, we model both technological and non-technological innovation outputs as being endogenous in the estimated production functions. Third, we set up and use a unified econometric framework which allows us to identify both similarities and differences in the innovation and productivity performance of enterprises in services. Fourth, in contrast to most previous studies, we consider a broader definition of innovation expenditures, beyond R&D expenditure which, as discussed above, is more appropriate for understanding innovation in services. Finally, while most of previous contributions are country-specific analyses, we 1 Recent reviews of these studies are Hall (2011), Hall and , Ruane and Siedschlag (2013) , and Siedschlag and Zhang (2015) . 2 The Community Innovation Survey is a harmonised survey on the innovation activities in enterprises. It is carried out on a voluntary basis, currently every two years, by European Union countries and other countries members of the European Statistical System (ESS) such as countries members of the European Free Trade Area (EFTA) and EU candidate countries. The concepts and underlying methodology of the core survey questionnaire are based on the Oslo Manual (1997, 2005) , an internationally recognised set of guidelines on collecting and interpreting data on innovation published jointly by the OECD and the European Commission. 3 Masso and Vahter (2012) analysed the role of marketing innovation on productivity in Estonia.
compare the innovation and productivity performance in three countries, namely Germany, Ireland and the UK. The choice of these three countries is motivated by their different innovation and productivity performance of service enterprises. According to data from the CIS 2008, among European Union countries, Germany had the highest proportion of innovative service enterprises, 73.6 %, while the corresponding figures for Ireland and the UK were 54.1 % and 43.0 %, respectively. However, with respect to their productivity performance, 4 in 2008, productivity in services relative to the EU average was higher in Ireland by 28%, while in Germany and the UK it was lower by 8%, and 22 %, respectively.
The innovation and productivity performance of Germany, Ireland and the UK is to be understood in the context of each country's policy mix and institutional framework. For instance, Germany has a science-collaboration focused institutional framework, in Ireland a science-competitive R&D focused policy mix operates whereas in the UK innovation policy focuses on commercialisation-driven innovation (Izsák et al. 2013; OECD, 2014) . As such, these three countries demonstrate commonalities and contrasts in their policy approaches to supporting and incentivising investment in innovation. The science-collaboration policy mix in Germany focuses on collaborative R&D funding especially between public research organisations and industry and favours support for loan and venture capital funds and no use of R&D tax incentives. In contrast, the science-competitive framework in Ireland focuses on competitive R&D programme funding rather than institutional funding of public organisations, support measures for business innovation and the use of R&D tax incentives which are close to the OECD median level. In the UK, commercialisation-driven innovation policy focuses on technology transfer mechanisms, strong support for entrepreneurship, support for loans and venture capital similarly to Germany and with extensive use of R&D incentives similarly to the policy approach in Ireland although far above the OECD median level.
Our empirical analysis highlights the importance of internationalisation in the context of innovation and productivity in all three countries. Furthermore, our results indicate that innovation in service enterprises is linked to higher productivity, over and above other enterprise and industry characteristics. In all three countries analysed, the strongest link between innovation and productivity was found with marketing innovations. Successful innovation in service enterprises appears to be associated with a number of factors, such as enterprise size, innovation expenditure intensity (Germany and the UK), foreign ownership (Ireland), exporting, and the engagement in cooperation for innovation activities.
The rest of this paper is organised as follows. Section 2 discusses the theoretical foundations of our analysis. Section 3 describes the data, variables used in the empirical analysis and summary statistics. Section 4 discusses the empirical methodology that we use. Section 5 presents the empirical results. Finally, section 6 summarises the key findings and policy implications.
THEORETICAL FOUNDATIONS
It is widely acknowledged that investment in R&D and other investments in innovation contribute significantly to firm productivity. Research into the firm level R&D-innovationproductivity relationship (RIP) has a long-standing and a highly important place in the field of the economics of innovation. For example, Martin (2012) calls the issue of understanding returns to R&D "a central building block" in innovation studies.
Key contributions to understanding the RIP relationship include works by Griliches (1979 Griliches ( , 1990 , Pakes and Griliches (1980, 1984) and the extensions of the knowledge production function framework in Crépon, Duguet and Mairesse (CDM, 1998) . Hall (2011) , Mohnen and Hall (2013) , Mairesse and Sassenou (1991) and Griliches (1979 Griliches ( , 1990 ) provide reviews of the relationships between knowledge capital and firm productivity. A large number of empirical papers have by now estimated models of innovation, linking firm level R&D and other innovation inputs to innovation outputs (e.g. innovative sales, measures of product, process and other types of innovation) and proxies of firm productivity.
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The analysis of the R&D-innovation-productivity relationship has been based on the general traditions of the neoclassical production economics and has been embedded in the analysis of the (augmented) production function (Griliches 1979) , where productivity measures (TFP, labour productivity) are typically estimated as a function of past levels of investment in R&D (as a measure of innovation effort), physical and human capital, industry level factors and the size of the firm. Pakes and Griliches (1980, 1984) and Griliches (1979 Griliches ( , 1990 add the key concept of the knowledge production function to the analysis of this relationship, arguing that R&D and similar investments can increase the stock of knowledge at the firm level that can lead to innovation and eventually to increase in output due to increased productivity. 6 R&D is of course not the only innovation input. Focus on R&D alone would miss a number of other aspects and channels of innovation activities, and would lead to underestimation of the effects of innovation on productivity. Firstly, it is the innovation outputs (process, product and other types of innovation), not innovation inputs that are directly affecting firm productivity. The effects of innovation inputs on firm performance work through innovation outputs. Secondly, there are difficulties of measurement of innovation inputs due to their latent and partly unobserved nature. Finally, there are other relevant key innovation inputs than own R&D, such as the intensity and breadth (variety) of knowledge sourcing from external partners, such as clients, suppliers and universities (Laursen and Salter 2006, Cassiman and Veugelers 2006) .
As a result, empirical and conceptual studies have moved from: i) linking innovation inputs (such as R&D) directly to productivity to ii) the analysis of links of innovation outputs with productivity (see Hall et al. 2009 , Hall 2011 . For example, these include questions on how are sales of new and improved products or indicators of engaging in product, process, marketing or organisational innovation 7 related to firm productivity. 5 For example, and Hall (2011) provide a concentrated review of the literature. 6 In particular, Pakes and Griliches (1980, 1984) introduce a general model and a 'path analysis diagram' linking 'research expenditures' with increases in 'knowledge capital' (this stage being the 'knowledge production function'), and increases in knowledge capital then with 'other expected or realized benefits from invention' (Pakes and Griliches 1984, p. 56) . 7 The OECD's Oslo Manual (2005) defines that "a product innovation is the introduction of a good or service that is new or significantly improved with respect to its characteristics or intended uses. This includes significant improvements in technical specifications, components and materials, incorporated software, user friendliness and other functional characteristics." Product innovations in services can include improvements how they are provided (e.g. speed, efficiency), the addition of new functions or characteristics to existing services, and of course, introduction of fully new services. "A process innovation is the implementation of a new or significantly improved production or delivery method. This includes significant changes in techniques, equipment and/or software." An organisational innovation is "the implementation of a new organisational method in the firm's business practices, workplace organisations or external relations (OECD 2005) ." A further type of innovation that affects the benefits from product innovation is marketing innovation. According to the Oslo Manual (2005), "a marketing innovation is the implementation of a new marketing method involving significant changes in product design or packaging, product placement, product promotion or pricing." The aim of marketing innovation is to increase sales of the firm by improved addressing of customer needs, opening up of new markets and positioning firm's goods or services on the market
The seminal paper by Crépon, Duguet and Mairesse (1998) has refined the knowledge production function approach of Pakes and Griliches and formulated a structural model (the CDM model) for estimating the analysis of various stages in the innovation process. Their model was a clear step forward in accounting for the complexity of the innovation process. They provided an intuitively appealing theoretical and econometric model that enabled the researchers to go in more detail into the analysis of the 'black box' (e.g. a term used by Rosenberg 1982) of the process of knowledge development, and its effects on performance and relationship with innovation effort by the firm.
The CDM model is described in detail in Section 4 and applied in the empirical analysis after that. Here we outline some of its key aspects. The model is based on three steps in the innovation process of the firm. The first step is the firm's decision whether to engage in R&D and innovation investments, and given that decision, how much to invest. The second step is the knowledge production function of the firm (similarly to Pakes and Griliches 1984) linking the innovation inputs and other factors with innovation outputs. In the final step, an augmented (Cobb-Douglas) production function is used to link the innovation outputs to firm's productivity. The model is tailored to be estimated based on the firm level data from the Community Innovation Surveys (CIS).
The CDM model does not consider the role of internationalisation in the above three stages. However, existing evidence indicate that firms operating in international markets are more likely to invest in innovation and have a better innovation and productivity performance than firms operating in domestic markets only (Criscuolo, Haskel and Slaughter 2010; Castellani and Zanfei 2007; Zhang 2015, OECD 2009 ). International trade can affect the speed and direction of innovation (Grossman and Helpman (1990, 1995) . A firm operating in international markets may be in a better position to benefit from profit opportunities resulting from their own innovation which in turn incentivise firms to invest in innovation. However, note that the commonly found correlation between exporting and innovation may reflect the fact that innovation enables the firm to succeed at export markets, not necessarily the effect of exporting itself on innovation, as shown for example in Cassiman and Golovko (2011) .
We add to understanding the role of internationalisation of services activities by investigating the role of internationalisation in different stages of the CDM model. Internationalisation and exposure to international context can affect firm's own investments in R&D by increasing incentives to engage in R&D, but it can affect innovation outputs and productivity also through potential knowledge transfer from abroad (Castellani and Zanfei 2007 , de Loecker 2007 , Wagner 2011 , Bratti and Felice 2012 ).
The CDM model attempts to correct for selectivity and simultaneity biases in linking R&D and firm productivity. For example, it corrects for the selectivity into doing R&D by explicitly modelling the choice of the firm of engaging or not engaging in innovation investments (including R&D). The model handles some of the endogeneity in R&D and innovation. The CDM model has been widely used during the last decades for investigating the drivers and impediments of the innovation process of firms both in developed and also emerging economies, 8 allowing the analysis of issues like the Schumpeterian hypotheses about firm size and monopoly power, influences of public innovation support and FDI, and a variety of effects of R&D and co-operation on innovation outputs and performance. The majority of these studies have focused on the analysis of data from the manufacturing sector, with a clear need for more comparative country studies of these relationships in the services sector.
The results from empirical applications of the CDM model clearly confirm the importance of own R&D in shaping innovation outputs (e.g. OECD 2009). A common finding from the 1 st and 2nd stage in these models (see e.g. Griffith et al. 2006 ) is that firm size is strongly associated with the firm's propensity to engage in innovation investments, but does not necessarily affect the share of new or modified products in sales. Government support for innovation is usually found to lead to an increase in firm's own R&D (e.g. Czarnitzki et al. 2006 ). Co-operation or knowledge flows from external partners is a vital ingredient in the innovation success (Cassiman and Veugelers 2006) , in addition to own R&D and often complementary with own R&D. Co-operation with suppliers matters for process innovation, while co-operation with clients for product innovation (e.g. Griffith et al. 2006, among others) .
Measuring productivity and the impact of innovation on productivity
The central relationship in the CDM model that we are interested in is between innovation and productivity, and as the focus of our own empirical analysis is on the services sector, especially between non-technological innovation and productivity. On average, there is a positive relationship found in empirical literature between innovation and productivity or productivity growth (Hall 2011 , Hall and Mairesse 2013 . However, studies using the standard available revenue based productivity indicators find sometimes significant differences between the effects of product and process innovation, reflecting the potentially different effects on real output and revenue based measures of productivity.
Productivity is defined as a measure of the efficiency of production reflecting how much output is obtained with a given set of inputs. The standard theoretical model to measuring productivity is derived from a Cobb-Douglas production function as follows:
Y denotes output, A is technological level, C is tangible capital stock and L is labour input. α, β are elasticities of output with respect to changes in tangible capital and labour inputs.
For the purposes of measurement and econometric estimation of the production function, the logarithm of Equation (1) is:
where i denotes the firm, t the time period, it a is the total factor productivity (TFP).
While productivity should be measured in quantities, what is typically observed in the micro data is revenue based productivity. To the extent that product quality and market power are reflected in prices, revenue based productivity could be influenced by prices. The assumption made in the literature is that deflated revenue reflects accurately the producer's output. In reality, in the world with market power of firms and lack of idiosyncratic price indexes, this is of course not the case.
The simple model that we use to illustrate the effects of various types of innovation on revenue based productivity follows in detail the outline in Hall (2011) . We add to Hall's econometric framework organizational and marketing innovation.
We first take into account that our observed measure of output is not physical output but real revenue r. If firms are able to exercise market power and have idiosyncratic prices, what we observe as an outcome variable for our econometric analysis is real revenue r, where = + (all varaibles in logs, p -idiosyncratic price).
In order to write down the revenue function, we first define an iso-elastic demand equation for each firm i as (in logs):
Here is the demand elasticity, < 0. denotes here the log of demanded quantity.
Combining equations (2) and (3), yields (as in Hall 2011, p.179) an equation for the observed revenue as a function of capital, labour and TFP.
In order to investigate how innovation affects the measured revenue and revenue based productivity we add to the analysis a measure of the knowledge stock K. We note that the knowledge stock can affect the revenue based performance measure through its effects on the production function and through the demand function. Firms engage in innovation both to improve production efficiency and to gain monopolistic advantages in the market. In logs, is the knowledge stock that enters and affects the production function, is the knowledge stock that enters and affects the demand function. Both types of knowledge stocks result from previous investments in innovation.
An augmented production function with knowledge stock is (in logs):
where > 0.
The knowledge stock that is relevant for production efficiency is affected especially by past process innovation and also organizational innovation. These both, separately or jointly, affect production efficiency at the firm.
The augmented demand equation is the following.
is the knowledge capital stock that affects demand, i.e. creates monopolistic advantages for the firm. Typically this knowledge stock would depend especially on product innovation, but also marketing innovation. Both of these, separately or jointly, would shift the demand curve outwards and make the firm's products or services more attractive for its consumers at a given price level, enabling to increase sales at a given price level.
Combining equations (5) and (6) into a revenue function = + yields:
The above equation shows how the knowledge stock at the firm level affects the real revenue and therefore measured productivity. The effects that work through are unambiguously positive (note that − ⁄ is positive as is negative): i.e. product and marketing innovation have positive effects on revenue and revenue based productivity. The effects of process and organizational improvements on revenue ( ( + 1)⁄ are in fact ambiguous and depend on market power of the firm (Hall 2011) . These effects are positive, unless demand is very inelastic. These broad predictions have been confirmed in empirical analysis. Hall (2011) provides a thorough review on this evidence. The effects of product innovation on the revenue based productivity are usually found to be positive. The results about process innovation are more varied, negative, statistically not significant and positive results have been found (e.g. OECD 2009). This could reflect that product innovation (and marketing innovation) create market power effects that increase revenues, and efficiency improvement due to process )and organisational) innovation may not be visible in revenue based measures if they result in lower prices and no corresponding growth in output .
The general framework above does not address specifically the complementarities between different investments in knowledge capital. However, these are likely to be important among the effects of innovation on productivity. A typical characteristic of innovation process is that many innovation activities tend to be adopted together and this bundling of activities is often likely to lead to stronger effects on innovation performance or productivity (e.g. Cassiman and Veugelers 2006 , Polder et al. 2009 , Battisti and Stoneman 2010 , Love et al. 2014 , Siedschlag and Zhang 2015 . Roberts (1990, 1995) and Brynjolfsson and Milgrom (2013) emphasize the role of complementarities in organisational and innovative activities. In general we can say that two activities are (Edgeworth) complementary if adding (more of) one activity increases the returns from the other.
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It is by now well established that there may be complementarities between product innovation and process innovation (e.g. Miravete and Pernias 2006 , Martinez-Los and Labeaga 2002 , Polder et al. 2009 ) as production of a new product or service requires often changes in the production process to realise its full effects. Also, there is abundant evidence that there are complementarities of organizational innovation with both process and product innovation. For example, this has been shown to be important in services sector of Netherlands and in Ireland (Polder et al. 2009; Siedschlag and Zhang 2015) .
Most relevant to the key contributions of this study is the conclusion that there may be complementarities of marketing innovation and other types of innovation. This is discussed in a seminal contribution to analysis of complementarities between firm's activities in Milgrom and Roberts (1990) . In a recent contribution, Junge et al. (2016) point to likely complementarities between product and marketing innovation, as marketing innovation strengthens the growth effect of product innovation. That means that firms that introduce at the same time new products and also engage in improvements of design and put in effort to develop 10 Complementarities exist between factors ( , ) when the mixed-partial derivatives of a payoff function ( , , ) are positive:
2 ( , , ) > 0, i.e. if an increase in the level of adoption of one variable ( ) raises the marginal payoff of the other variable(s) ( ) Roberts 1990, 1995) . Note: Z denotes other exogenous determinants of payoff.
new sales or distribution or packaging methods for these products, would be expected to perform significantly better than firms that introduce these innovations separately.
We can conclude that the four types of innovation outlined here can affect revenue based productivity through their individual and complementary effects with other types of innovation, with their effects functioning both through impacts on production efficiency and through effects on demand. Given the large number of complementary innovations to be considered and compared in the context of the three countries, in this paper we focus on the individual effects of the four technological and non-technological innovations on productivity in services.
DATA, VARIABLES AND SUMMARY STATISTICS
In order to compare the impact of innovation on productivity in the service sector, we use data from the Community Innovation Survey (CIS) 2008 from Germany, Ireland and the UK. The CIS is a bi-annual European-wide harmonized survey on innovation activities of firms administered by Eurostat and in most countries carried out by the National Statistical Offices. It is a stratified random sample, stratified by firm size and 2-digit industries (as well as region in Germany). In each country, it is representative for the target population of enterprises 11 with more than 10 employees. For each enterprise we observe basic firm characteristics in the data such as sales, employment, industry belonging, whether it is part of a group and whether it is exporting. In addition, CIS provides detailed information about a firm's innovation process like innovation expenditure, different types of innovation outcomes, cooperation partners etc. The data we use is a cross-sectional data set in which most variables, however, cover the three-year period 2006-2008. 12 Exceptions are e.g. sales and employment which are annual data available for the first and last year of the period, i.e. 2006 and 2008. Our analysis focuses on market services, including the following service sectors: wholesale trade; transport, storage and communications; financial services; computer and related activities; and other business activities.
13 Unfortunately, data confidentiality requirements prevent us from merging the CIS data of the three countries. Instead of analysing a pooled sample, we will investigate the relationship between innovation input, output and productivity for each country separately. In total, the samples consist of the following numbers of service enterprises in the three countries analysed: 1,333 in Germany; 1,286 in Ireland; and 4,344 in the UK. Table 1 shows the weighted summary statistics 14 for services enterprises for the main variables used in the empirical analysis as well as the definition of the variables. The summary statistics reveal a lot of heterogeneity in terms of size, innovation and productivity performance across the three countries. 11 The term enterprise and firm are used interchangeably. 12 The specific characteristics of the data collected with CIS and related implications for econometric analysis are discussed extensively by . Our econometric methodology discussed above deals, as satisfactorily as possible, with the qualitative and censored nature of the data. 13 A number of service sectors (e.g. retail) that are available in the CIS for Germany and the UK are excluded to facilitate comparison with the CIS data for Ireland. 14 For comparability purposes, these summary statistics are weighted to correct for the stratification of the CIS sample by size class, industry and region. Weighting factors are provided the statistical offices (IE and UK) and The Centre for European Economic Research (ZEW) which conducts the survey in Germany on behalf of the Federal Ministry of Education and Research. Discrepancies to published statistics may arise because our focus here is on the estimation sample. Notes: Innovators are enterprises that report having at least one of the following types of innovation: product, process, organisational or marketing innovation. Enterprises reporting no innovation are considered non-innovators. The samples are weighted by number of enterprises stratified by size class, industry and region. UK figures converted from £ to € using the exchange rate £1 = €1.2588 (2008 year average provided by the Bank of England). Labour productivity, size and innovation expenditure per employee are measured in non-log values in Table 1 . For the estimation the log-transformed values of these variables are used in order to account for the high skewness of these variables.
Looking at the sample composition, we find the UK sample to consist of on average larger firms (86 employees) than in Germany (50.5 employees) and in Ireland (50.4 employees). Firm size is measured by SIZE calculated as log number of employees. But note that the mean number of employees is substantially higher in the UK than the median number of employees due to some very large establishments in the sample.
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Our key interest is in explaining productivity impacts of innovation in services. As explained in Section 2, we measure productivity as labour productivity (LP), i.e. sales per employees in year 2008. Table 1 reveals large variation across countries: average labour productivity of service firms in Ireland is 3.7 times higher than in Germany and 2.3 times higher than in the UK.
Interestingly, the descriptive statistics indicate that the better productivity performance in Ireland is accompanied by a higher innovation input intensity. The latter is measured as the log innovation expenditure per employee in year 2008 (INNOEXP). Innovation expenditure is a broader concept than R&D expenditure (RDEXP). In addition to expenses for intramural and extramural R&D, it covers expenses for the acquisition of machinery, external knowledge, training, product preparation and marketing related to innovation activities. Since many service firms innovate without investing in formal research and development (R&D) activities as is impressively shown in Table 1 as well, using the broader concept of innovation expenditure seems to be more appropriate in order to measure service firms' innovation efforts. The average innovation expenditure per employee (across enterprises) is in Ireland higher than in Germany (2.3 times higher) or the UK (9 per cent higher). However, the proportion of service firms that decide to invest in innovation (INNO) in the first place, is highest in the UK. 51 per cent of UK service firms report innovation expenditures, whereas the corresponding figures for Germany and Ireland are substantially lower (37 per cent and 26 per cent, respectively).
Different and mixed results are found when considering innovation output indicators. The CIS data allow us to differentiate between two types of technological innovation: new and significantly improved products (PROD) and processes (PROC), respectively. Product innovation refers to the introduction of new or significantly improved goods and services within a three-year period (2006) (2007) (2008) . The highest proportion of product innovators can be found in the UK (30.3 per cent), closely followed by Germany (28.6 per cent) and Ireland (24.7 per cent). In contrast, Ireland is leading when it comes to process innovations. Within product innovation, we can further differentiate between those new to the market (MARKET) and only new to the firm (FIRM). While UK and Ireland have a much stronger focus on market novelties, Germany is by far leading in terms of service firms adopting innovations. This pattern is different from manufacturing where Germany is the leading country for both types of product innovation.
In addition to the two technological innovation output indicators, CIS also provides two nontechnological innovation output measures: organisational innovation (ORGA) and marketing innovation (MARK). Organisational innovation refer to the introduction of new or significantly changed business practices, workplace organisations or changes in external relationships in the three-year reference period. Marketing innovation is a binary variable taking the value one when firms have significantly changed product design or packaging, product placement, promoting or pricing. The predominant type of innovation in service enterprises appears to be organisational innovation in Ireland and the UK, and marketing innovations in Germany. However, in Germany the share of service enterprises with organisational innovations is only slightly lower than the share with marketing innovations. Furthermore, both marketing and organisational innovations are substantially higher in Germany than in Ireland and the UK.
In addition to heterogeneity in innovation investments, differences in innovation outcome might also be explained by differences in the innovation process itself leading to innovation efficiency differences. For instance, Table 1 shows that firms differ in their engagement to cooperate in innovation activities with other actors like customers (COOP_CUST), suppliers (COOP_SUP), consultants (COOP_CON), universities (COOP_UNI) or public research institutes (COOP_PUBRI). The patterns of engagement in cooperation for innovation activities differ in the three countries, with the highest engagement rates reported in the UK. Amongst cooperation types, the highest engagement rates in all three countries are reported for cooperation with suppliers and cooperation with clients or customers.
In addition to productivity, innovation input and output measures, our empirical specification, explained in more detail in the subsequent section, will use information on the degree of internationalisation of firms. We distinguish between three types of firms: firms which are a subsidiary of a foreign company (FOREIGN), domestic firms being active on the export market (DOM_EXP) and domestic non-exporters (DOM_NONEXP). While the proportion of domestic exporting service firms is pretty similar across countries, Ireland has a substantially higher proportion of foreign-owned firms.
ECONOMETRIC METHODOLOGY
To analyse the relationships between innovation inputs, innovation outputs and productivity, we estimate an augmented version of the widely used structural model proposed by Crépon, Duguet and Mairesse (1998) , known as the CDM model. The CDM model estimates three groups of relationships linking innovation and productivity. The first group consist of two equations explaining the propensity of enterprises to invest in innovation and the innovation expenditure intensity. The second relates the various types of innovation outputs to innovation expenditure intensity and to other determinants of innovation. The third links productivity to innovation outputs and other determinants of firm-level productivity.
We estimate an augmented version of the original CDM model underpinned by the theoretical and empirical literature discussed in Section 2. More specifically, we add to the original CDM model explanatory variables that measure internationalisation of service enterprises and their engagement in cooperation for innovation activities within national innovation systems.
Below, we describe in more detail the augmented version of the CDM model that we have estimated in this paper.
The innovation investment equations
This stage of the model comprises two equations that explain the firms' decision to invest or not to invest in innovation and, if investing, the amount of innovation expenditure per employee. However, we only observe the innovation expenditure reported by innovative firms. To the extent that this group of firms is not random, this implies a possible selection bias. To account for this potential bias, the propensity of firms to invest in innovation is modelled by the following selection equation:
where is an observed binary variable which equals one for firms engaged in innovation investment, or zero for the rest of the firms. Firms engage in innovation and/or report innovation expenditure if , an unobserved latent endogenous variable, measuring the propensity to innovate, is above a certain threshold level . The latent variable can be interpreted as a decision criterion, such as the expected present value of a firm's profit accruing to innovations.
is the vector of the variables explaining the innovation decision, is the vector of parameters and is the error term.
The vector of independent variables to explain the propensity of enterprises to invest in innovation includes enterprise characteristics such as size, indicators of engagement in international activities (international investment and exporting) and NACE three-digit industry Conditional on investing in innovation, the innovation intensity measured as the amount of innovation expenditure per employee ( ) is given by the following equation:
where is the unobserved latent innovation intensity variable, is a vector of enterprise and industry characteristics (engagement in international activities and NACE-three digit industryspecific effects) explaining innovation intensity and is an error term.
We allow the error terms of both equations to be correlated and assume that they follow a bivariate normal distribution with zero mean, variances 2 and 2 and correlation coefficient . Equations (8) and (9) are thus simultaneously estimated using the Heckman two-step estimator (Heckman 1976 (Heckman , 1979 . For identification purposes, we follow Griffith et al. (2006) and exclude enterprise size in Eq. (9). Excluding size corresponds to the stylised fact established by Cohen and Klepper (1996) . Their survey of empirical evidence led them to conclude that among R&D performers, R&D expenditure rises monotonically with enterprise size. This implies that R&D intensity, measured as R&D expenditure per employee, is independent of enterprise size.
The innovation output equation
This second stage of the model explains the innovation outcomes given by the following innovation production function:
where is the innovation output proxied by the product, process, organisational or marketing innovation indicators, and i w is the predicted innovation expenditure per employee estimated from the selection model. These values are predicted for all the enterprises and not just for the sample reporting innovation expenditure. By doing this, we follow the modified CDM approach suggested by Griffith et al. (2006) . 16 By using the predicted, rather than the observed, values of the innovation effort , we account for the possibility that the innovation expenditure per employee and the innovation outputs could be simultaneously determined. Equations (8) and (9) correct for the endogeneity in this instrumental variables approach. The three-digit industry dummies used in estimating Equations (8) and (9) are excluded in estimating Eq. (10); instead, we use two-digit industry dummies when estimating Eq. (10) (note, the statistical tests validate these exclusion restrictions). is the vector of the other determinants of innovation output, 16 In the original CDM model, this equation was only estimated for the sample of innovative enterprises. 
The output production equation
The last stage of the model explains the output production as a function of production inputs including innovation outcomes, as follows:
where is the labour productivity (log of sales per employee), is a vector that includes employment and other enterprise and industry characteristics, i g denotes the innovation outcomes (product, process, organisational and marketing innovations), and are the corresponding parameters vectors, and is the error term. Due to data limitations, variation of capital intensity is captured at industry-level by industry-specific fixed effects. To correct for the fact that innovation output and productivity could be simultaneously determined, the predicted innovation output probabilities estimated in the previous stage by Eq. (10) are used for . Tables 2 to 5 show the estimates of the augmented CDM model for innovation and productivity in service enterprises in Germany, Ireland and the UK over the period 2006-2008. Table 2 presents the estimates of the Heckman two-stage model of innovation investment. The propensity to invest in innovation (first stage) is estimated by a probit model as a function of enterprise size (measured by the log number of employees in 2008), international activities (a dummy variable which is equal to one for foreign-owned enterprises, and zero otherwise), exporting (a dummy variable which is equal to one for domestic exporters, and zero otherwise) and industry specific effects (industry dummies at the three-digit NACE Rev. 1 classification). The innovation expenditure intensity is measured as the log innovation expenditure per employee in 2008 and is estimated as a function of ownership, exporting and industry specific effects. Following Griffith et al. (2006), we use the enterprise size as an exclusion restriction in the innovation investment equation. The figures shown in Table 2 are marginal effects.
EMPIRICAL RESULTS
Our results indicate that service enterprises that invested in innovation are more likely to be large enterprises and enterprises with export markets. Domestic exporters are more likely to invest in innovation by 15.3 percentage points in Germany, by 16.5 percentage points in Ireland and by 9.3 percentage points in the UK. In Germany and the UK, innovation expenditure intensity is significantly higher for domestic service enterprises with export markets, than for domestic non-exporters and foreign-owned enterprises, while in Ireland, foreign-owned enterprises have a significantly higher innovation expenditure intensity. Conditional on investing in innovation, the innovation expenditure intensity in domestic exporters is significantly higher than in firms serving only the domestic market: by 40% in Germany and by 69% in the UK. The intensity of innovation expenditure in foreign-owned firms is higher by 96% in Ireland, almost double than in Irish-owned non-exporting firms. In the UK, both
foreign-owned enterprises and domestic exporters show significantly higher innovation intensity than domestic non-exporters by 38% and 69%, respectively. Furthermore, industryspecific characteristics matter for the decision to invest in innovation in services as they are highly significant. The likelihood ratio test on whether = 0 rejects the null hypothesis, and hence, selection bias has to be corrected for. CIS 2006 CIS -2008 Included in all models but not reported: constant and industry fixed effects (3-digit). * p<0.1, ** p<0.05, *** p<0.01. Table 3 shows the estimates of the determinants of product innovation in the three countries analysed. In addition to the indicator for product innovation, it distinguishes between product innovations that are new to the market (market novelties) and those that are only new to the enterprise but not new to the market (enterprise novelties). The dependent variable is a categorical variable that takes the value of one if product innovation was reported in the period 2006-2008, or zero otherwise. The explanatory variables include the innovation expenditure intensity predicted on the basis of the innovation investment equations, enterprise size, ownership, exporting, engagement in cooperation for innovation activities (dummy variables are equal to one if cooperation was reported, or zero otherwise) and industry specific effects (industry dummies at a two-digit level NACE Rev. 1 classification 17 ). To account for possible error in the predicted values of innovation expenditure, standard errors are corrected using bootstrapping. The results in Table 3 highlight that a higher innovation expenditure intensity significantly increases the likelihood of successfully introducing product innovations in services (in Ireland these effects are positive but not statistically significant). A 10 per cent increase in the innovation expenditure per employee is associated with a higher probability to introduce product innovation, by 0.8 percentage points in Germany, and by 0.6 percentage points in the UK. The probability of implementing product innovations is also higher for large enterprises (not in the UK's case), and for enterprises with exporting markets. In Ireland, foreign-owned enterprises were more likely to successfully implement product innovations by 42 percentage points in particular, as market novelties (an increase by 40.4 percentage points). In all three countries, service enterprises that are engaged in cooperation for innovation activities with other enterprises within the same enterprise group are more likely to successfully introduce a product innovation; The same result is found for cooperation with suppliers (Ireland and the UK); cooperation with customers (Germany and the UK); with universities (Germany); and with public research labs (the UK). Cooperation with the science base (universities in Germany or public research labs in the UK) has an impact, particularly for introducing market novelties in services. The strong association between co-operation in innovation activities and enterprise innovation performance reflects the similarities and differences in innovation policy in the three countries: science-collaboration in Germany; science-competitive in Ireland; and commercialisation-driven in the UK. Table 4 shows the results of the probit model for other innovation outputs, namely, process, organisational and marketing innovations in service enterprises in the three countries analysed. The dependent variables in the probit models are categorical variables, which take the value of one if the respective innovation output was reported in the period 2006-2008, and zero otherwise.
As shown in Table 4 , process innovation in service enterprises is more likely in larger enterprises, in enterprises with higher innovation expenditure intensity (Germany and the UK), and in foreign-owned and exporting enterprises (in Ireland). An increase of 10% in the number of employees is associated with a higher probability to introduce process innovations in all three countries: by 0.8 percentage points in Germany and in Ireland and by 0.1 percentage points in the UK. Innovation expenditure per employee higher by 10% is associated with a higher probability to introduce process innovations by 0.9 percentage points in Germany and by 0.3 percentage points in the UK. In Ireland, relative to enterprises which serve only the domestic market, the propensity of foreign-owned firms to introduce process innovation is higher by 31 percentage points. Irish-owned exporters are more likely by 28.2 percentage points than nonexporters to introduce process innovations. Moreover, successful process innovation was positively linked to engagement in cooperation for innovation activities with other enterprises in the group (Germany and the UK), with suppliers (Ireland and the UK), with customers (all three countries) and with consultants (Ireland and the UK) and universities (Ireland). In contrast, in the sample analysed, in the UK, service enterprises cooperating with competitors were less likely to introduce process innovations. Furthermore, our results indicate that organisational innovation in service enterprises is more likely in larger enterprises, in enterprises with higher innovation expenditure intensity (Germany and the UK), in foreign-owned enterprises (Ireland and the UK), and amongst domestic exporters (Ireland). A 10% increase in the number of employees is associated with a higher probability to introduce organisational innovation by 0.6 percentage points in Germany, by 1.7 percentage points in Ireland and by 0.4 percentage points in the UK. Innovation expenditure per employee higher by 10% is associated with a higher probability to introduce organisational innovations by 0.5 percentage points in Germany and by 0.3 percentage points in the UK. Foreign-owned enterprises are more likely than domestic nonexporters to introduce organisational innovations by 30 percentage points in Ireland and by 6 percentage points in the UK. Organisational innovations are also more likely in Irish-owned exporters than in non-exporters, by 45 percentage points Moreover, the successful implementation of organisational innovation in service enterprises was positively linked to cooperation in innovation activities with other enterprises within the same enterprise group (Germany and the UK), and with suppliers and customers (Ireland and the UK). In contrast, in Germany, service enterprises that cooperated with public research institutes were less likely to successfully implement organisational innovations.
Finally, Table 4 indicates that marketing innovations in service enterprises were more likely among enterprises with higher innovation expenditure per employee, larger enterprises (Germany and Ireland), and for domestic exporters (Ireland). A 10% increase in the number of employees is associated with a higher probability to introduce marketing innovations: by 0.4 percentage points in Germany, and by 0.8% in Ireland. Innovation expenditure per employee higher by 10% is associated with a probability to introduce marketing innovations higher by 0.6 percentage points in Germany, 1.5 percentage points in Ireland and by 0.2 percentage points in the UK. Irish-owned exporters are more likely by 26 percentage points than non-exporters to introduce marketing innovations. Moreover, the successful implementation of marketing innovations is positively linked to cooperation with other enterprises within the same enterprise group (Germany), with suppliers (Ireland and the UK), with customers (the UK), and with universities (Germany). Once again the patterns of the links between co-operations in innovation and innovation performance seem to reflect the specificities of the innovation policy frameworks in the three countries. Table 5 shows the estimates of the productivity equation for service enterprises in the three countries analysed. The dependent variable is labour productivity measured as turnover per employee. The explanatory variables include the predicted probability to innovate successfully (to implement product, process, organisational or marketing innovations), enterprise size, ownership, and exporting. Unfortunately, the CIS data does not contain data on the physical capital in all three countries. We control for differences in capital endowment by including industry dummies at the three-digit level (NACE Rev. 1 classification). The productivity equation for Germany also includes a dummy variable which is equal to one for enterprises located in East Germany, since even 20 years after reunification, there is a productivity gap between firms in West and East Germany. To account for possible error in the predicted values of the probability to innovate, standard errors are corrected using bootstrapping. The results shown in Table 5 indicate that innovative service enterprises had higher productivity. This positive link is evident for all types of innovation in Germany and the UK; in Ireland innovation was also positively correlated with productivity, but it was statistically significant only for process and marketing innovations. 18 In all three countries, the strongest link between innovation and productivity was found for marketing innovations.
The productivity returns to innovation vary by innovation type across the three analysed countries. Labour productivity in enterprises with product innovations is higher by 16.3% in Germany and by 4.3% in the UK. While the strongest link in Germany is for enterprise novelties, 27%, in the UK the productivity elasticity is highest for marketing novelties, 5.5%. In Ireland, product innovations do not appear to impact significantly on the productivity of services enterprises.
Enterprises with process innovations have a higher labour productivity by 21.1% in Germany, 17.4% in Ireland and 6.5% in the UK. The productivity returns to introducing organisational innovations are 22.6% in Germany and 5.6% in the UK. In Ireland, organisational innovations do not seem to be significantly associated with productivity performance. Finally, marketing innovations are associated with productivity gains of 32.0% in Germany, 25.9% in Ireland and 7.0% in the UK.
The estimates indicate that foreign-owned enterprises and domestic exporters are more productive than enterprises with no international activities. These results are in line with the literature on international trade with heterogeneous firms discussed in Section 2.
SUMMARY AND POLICY IMPLICATIONS
This paper examines the links between internationalisation, innovation inputs, innovation outputs and productivity in service enterprises. For this purpose, we estimate a structural model using micro data from the Community Innovation Survey over the period 2006-2008 from Germany, Ireland and the UK to answer the following research questions: (i) What types of service enterprises are more likely to invest in innovation? (ii) What types of service enterprises have higher innovation investment per employee? (iii) Does higher investment in innovation lead to higher innovation output in service firms and is this effect the same for different types of innovation? (iv) Is higher innovation output linked to higher productivity in service enterprises? To what extent do productivity effects differ by type of innovation? (v) Are there any cross-country differences in the relationships between internationalisation, innovation input, innovation output and productivity for service firms?
While the cross-sectional nature of the CIS data we analyse does not allow us to draw conclusions about causality, we identify a number of structural stylized facts which are informative for both research and policy design.
The predominant innovation types in service enterprises over the period analysed in the three countries are organisational and marketing innovations.
Our empirical evidence highlights the importance of internationalisation in the context of engagement in innovation and innovation outputs in all three countries. For all types of innovations, innovation rates are the highest in enterprises with international activities (foreignowned and domestic exporters) in Ireland and the UK. In Germany, this is true only for domestic exporters with product innovations.
Our econometric analysis reveals that investment in innovation in service enterprises is more likely in larger enterprises and in enterprises with export markets. Conditional on investing in innovation, we then find a link between the internationalisation activities of service enterprises and the degree to which they invest in innovation. In comparison to enterprises that serve only domestic markets, in Ireland and the UK, the innovation expenditure per employee is significantly higher in foreign-owned enterprises, while in Germany, this was the case for German-owned enterprises with export markets. Innovation expenditure intensity is positively and significantly linked to all innovation outputs in Germany and the UK, while in Ireland this result holds true only in the case of marketing innovations.
Further, our results illustrate the importance of knowledge and technology transfer for successful innovation in service firms. Over and above enterprise size, innovation expenditure intensity (in Germany and the UK), foreign ownership (Ireland) and exporting, successful innovation in service enterprises appears to be positively associated with engagement in cooperation for innovation activities with other enterprises (suppliers and customers) and with knowledge providers (universities, public and private research institutes, consultants). In contrast, cooperation for innovation activities with competitors is associated with a lower probability to innovate.
Innovation in service enterprises appears positively and significantly linked to labour productivity for all types of innovation in Germany and the UK. In Ireland, this positive link is statistically significant only in the cases of process and marketing innovations. In all three analysed countries, the strongest link between innovation and productivity in service enterprises is found to be for marketing innovations. The productivity elasticity with respect to marketing innovations is estimated to be 0.32 in Germany, 0.26 in Ireland and 0.07 in the UK. Given the specificities of services, this result is noteworthy. It could be interpreted as indicating a positive link between marketing innovations and demand for new or improved services. It also highlights the importance of investment in intangible capital items such as organisational capital for productivity growth in services.
The similarities and differences in the relationships between internationalisation, innovation and productivity in the three analysed countries may reflect their institutional framework for innovation policy as well as their structural characteristics such as economic size and engagement in internationalisation.
Our findings suggest that innovation in service enterprises could benefit from many of the policies designed to incentivise and foster innovation in manufacturing enterprises, such as policies which enable firm growth, and which enhance innovation capability and cooperation in innovation activities with other enterprises and knowledge providers. In addition, our results suggest that targeting resources to foster marketing innovation in service enterprises would be beneficial in terms of productivity. Töö tulemused toovad teenusettevõtete innovatsiooniprotsessis selgelt välja just turundusliku innovatsiooni tähtsuse. Oluline on eksporditegevuse ja välisinvesteeringute roll antud sektoris innovatsiooni tegurina, seda ka erinevate innovatsiooni tüüpide lõikes. Väliskapitaliga ettevõtted investeerivad nii Iirimaal kui ka Ühendkuningriigis rohkem innovatsioonitegevusse töötaja kohta võrreldes sarnase suurusega sama sektori kohalike ettevõtetega. Saksamaal ilmnevad rahvusvahelistumise seosed innovatsiooniinvesteeringutega pigem eksportööride puhul. Olulist rolli omavad teenusettevõtete innovatsiooniprotsessis koostöö klientide ja tarnijatega ja ka mitmete teiste ettevõttevälise teadmuse pakkujatega. Samas konkurentidega koostöö innovatsioonitegevuse tulemuslikkusega uuritud andmestikus korrelatsioonis ei ole. Nii Saksamaal kui Ühendkuningriigis on toote-, protsessi-, organisatsioonilisel ja turundusinnovatsioonil positiivne seos ettevõtete tootlikkusega. Seevastu Iiri teenusettevõtete andmete põhjal leidub statistiliselt oluline seos tootlikkusega protsessi-ja turundusinnovatsioonil. Kõigi kolme uuritud riigi andmete alusel ilmneb, et tugevaim panus kõrgemasse tootlikkusse on uuritud sektoris just turundusinnovatsioonil. Ühe majanduspoliitilise järeldusena ilmneb turundusinnovatsiooni toetamisele suunatud meetmete tähtsus teenustesektoris.
